United States Patent [i9] 

Itoetai; 



[] 1] Patent Number: 4,5944^16 
[45] Date of Patent: Jun. 17, 1986 



[54] METHOD FOR CONTROLLING AN ENGINE 
INSTALLED WITH CONTINUOUSLY 
VARIABLE TRANSMISSION 

[75] Inventors: Hiro^ Ito, Toyota; Shigeki . 

Hiramatsu, Ok^aki; Mltsnra 
Takada, Toyota, all of Japan 

[73] Assignee: Toyota Jidosha Kaboshiki Kaisha, 
Aichi, Japan 

[21] AppLNo.: 574,737 

[22] Fflcd: Jan. 30, 1984 

[30] Foreign AppUcatfon Priority Data 

Feb. 7, 1983 [JF] Japan 58-17550 

[51] Int. CL* B60K 41/16 

[52] VS.CL : 74/866? 74/867; 

474/12; 474/70 

[58] Field of Search 123/480. 488, 492; 

74/866, 867, 865; 474/12, 69, 70 

[56] References Cited 

U.S. PATENT DOCUMENTS 

3.036,426 5/1962 Bnicder .« « 60/12 

3,362,262 1/1968 Bnieder .„ 74/868 

3.814,224 6/1974 Pochsuwcit et al. _ 192/0.084 

3,913,418 10/1975 Miyao et al „ 74/865 X 

4,091,690 5/1978 Miyao „ - 74/865 

4.462,275 7/1984 Mohl ct al 74/866 



FOREIGN PATENT DOCUMENTS 

2239874 3/1973 Fed. Rep. of Germany . 
1277825 6/1972 United Kingdom . 
2066919 7/1981 United Kingdom . = 

Primary Examiner— Kodacy IL Bonck 
Assistant £xam//ter— Richard M. Lorencc 
Attorney, Agent, or Hrw— Parkhurst & Oliff 

[57] ABSTRACT 

A method is provided for controlling an engine using a 
continuously variable transmission whereby the fuel 
consumption of the engine is decreased. When an accel- 
erator of the engine is displaced, Hrst and second de- 
sired engine speeds are determined for steady state con- 
ditions before and after the displacement of the acceler- 
ator, respectively. The difference between the two de- 
sired engine speeds is calcnlated and compared with a 
predetermined value. If the difference betwrai the de- 
sired engine speeds is smaller than the predetermined 
value, the actual engine speed is adjusted to gradually 
approach the second desu-ed engine speed. If the differ- 
ence between the two desired engine speeds is larger 
than the predetermined value, the actual engine speed is 
immediately adjusted to a transient value and is ^en 
adjusted to approach the new desired engine speed 
gradually. 

16 Claims, 9 Drawmg Figures 
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FIG. 2 is an enlarged and detafled view of the hy- 
METHOD FOR CONTieOLLING AN ENGINE draulic apparatus employed in the present invention; 
INSTAI1J:d WITH CONTINUOUSLY VARIABLE HG. 3 is a circuit diagram of the electrcmic control 
TRANSMISSION unit employed in the present invention; 

5 , FIG. 4 is a graph showing the relation between the 
BACKGROUND OF THE INVENTION desired engine speed in the steady-state shifdng condi- 

The present invention relates to a method for control- tion and tfie throtUe ope^^^ 
ling an engine installed with a continuously variable ^ 5(fl) and S{b) are graphs showing the relation 

transmission (hereinafter referred to as CVT), and more petwecn the desired engine speed in the transient shift- 
particularly to a method for controlling the speed of the ^ conditoon and the throtUe opening according to the 
engine during a transient shifting period. lapse of the time at the acceleration stage; 

A continuously variable transmission having a V-belt . ™' * ^ * "O^ chart illustrating operations accord- 
extending between driving and driven pulleys, with one '°ii?,™p'f^i:srf"*^''*^ ... 

or both of the pulleys being able to adjust the size of 7(a) and 7(b) are graphs showmg the relation 

thdr respective V-shaped openmgs which hold the I'etween the desired engme speed in the transient shift- 

V-belt, thereby controlling the revolution ratio between "^fi «>i«l>^o°.^d the throttle opemng according to the 

thedrivinganddrivenpuUeys.Thesi2e6fthe V-shaped lapse of the time at the deceleration stage, 
opening is varied by changing the amount of pressure DETAILED DESCRIFnON OF THE 

being fed mto a hydraulic cylinder of cither of the pul- ^ PREFERRED EMBODIMENTS 

leys. Hence, the ^ective diameter of the pulley can be • ^ u-j • j . -.^ ^ 

varied by changing the amount of pressi^ bring fed ..I^!?r^™TJf "^T""^ "^l^u 

intothehydrauliccylinder,thereby£lowingforacon. S^S^^f,.^!!?^^ 

tinuouslyvaryingratioofdrivingpulleyeff^tivediam- ^pTt^"', m^^f °K r 
eter to driven effective pulley iL^l The V^haped „ " ZL^J, 2^!^/,^^^ ^ ^^^'^^^ 

openings on the driving and driven puDeys are ^ ^ apparatus employing the method of the present mven- 
nJ^n Jkv aT, ,r«. iLt^Ln T^f ♦wll.^l« ^ ^^^^ ^ ^ conncctcd through a crank shaft 1 

tl^f I ^^.^^ andaclutch3withashaft5.Theshaft5isanmputshaft 

and a^ovablc portion of the pulley, the size of the comiected with a CVT 4. The CVT 4 comprisL a pul- 

^f^. "TT^H^-^ dependent upon the pressure ley 6 and a pulley T Tlie pulley 6 is z J^i^ 

inputted to the hydrauhc cylmders. In order to provide 30 ^^.^^d on a driving and iSputLft 5 which t IZZ 

tt!!^c l^^X T^t^^ ^ ^^^^ 1' Thf other pulley 7 is a driven 

hydraulic apparatus IS provided. momited on a driven and output shaft 8. The torque of 

Apnor hydraidic app^^^^ theshaftSisoutputtedto wheels ofa vehicle or tl^ like, 

ner which provided for the engme rpm to be a fmicdon ^ torque transmitting continuous V-belt 9 extends be- 
of the amount of throttie op^ng while mamtainmg a 35 j^een the pulleys 6 and 7. The driving pulley 6 com- 

minimum fuel consumption. When an operator apphed prfses a movable member which is Sc^y displaced 

a force to an accelerator p«^, the engine speed was ^t^tes with the input shaft 5, and a member eb. 

unmediately mcre^. This fact gencraUy resulted m ^^jch is fixed to and rotates with the input sluift 5. The • 

an increase m the fuel consumption by the engme dur- movable member 6a is axially displaced by the pressure 

mg a transient shiftmg period. 40 exerted upon it by a hydraulic cylinder When the 

SUMMARY OF THE INVENTION movable member 6a is axially displaced in a direction 

^ . . toward the opposite member 6b, the width between the 

The present myention was made m view of the fore- members 60 and is decreased. This results in an in- 

gomg background and to overcome the foregoing crease in the effective diameter of the driving pulley 6. 

drawbacks. An object of the present invention is to 45 As a result, the RPM ratio «e", Le., (the rotating speed 

provide a method for controllmg an engine having a of the driven pulley 7)/(the rotating speed of the driv- 

CVT so that the fuel consumption of an engine is de- ing pulley 6, RPM£;^M<,„/) is increased. The RPM/, 

creased during a transient shifting condition. is governed by the engine speed RPM, represented by 

To attain the above object, a change in the amount of RPMc. 

throttle opening is first detected. Then, an estnnated 30 Similarly, the driven pulley 7 comprises a movable 

engine rpm under a steady state, non-shifting condition member la, which is axially displaced on and rotates 

is determined as a fixnction of the actual amount of with the output shaft 8, and a non-movable member lb, 

throttle: opening, to obtain a mmimum fuel consump- which is fixed to and rotates with the output shaft $. 

tion. Next, a comparison is made between the engine The movable member la is axially displaced by the 

rpm at the point of just openmg the throttle and the 55 pressure exerted upon it by a hydraulic cylinder 7c 

estimated steady state rpm corresponding to the actual When the movable member la is axially displaced in a 

amount of the throttle opening. The engine rpm is con- direction toward the opposite member lb, the width 

trolled in accordance with the magnitude of the differ- between the members la and lb is decreased. This re- 

ence between the actual and estimated rpm's. suits in an increase in the effective diameter of the 

BRIEF DESCRIPTION OF THE DRAWINGS ^ "^"x^Jf^^?^ V *f 

To minimize the amount of engine power consumed 

The above object, features and advantages of the by a hydraulic fluid pump, the hydraulic pressure in the 

present invention will become more apparent from the cyhnder 7c is controlled to be as small as possible while 

following description of the preferred embodiments maintaining a torque necessary to keep the belt from 
taken in conjunction with the accompanying drawings, 65 slipping while rotating around the driving pulley 6 and 

wherein: the driven pulley 7. The hydraulic pressure of the cylin- 

FIG. 1 is a schematic view of the hydraulic apparatus der 6c is varied to adjust the ratio. The amount of pres- 

employing the method of the present invention; sure in the hydraulic cylinder 6c is designed to be 
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smaller than that of the hydraulic pressure in the hy- 
draulic cylinder 7c However, even though the value of 
the hydraulic pressure supplied to the hydraulic cylin- 
der 6c is less dian the value of the hydraulic pressure 
supplied to the hydraulic cylinder 7c; the system is 
designed so that a greater overall hydraulic pressure is 
realized in the hydraulic cylinder 6c than in the hydrau- 
lic cylinder 7c because the area of the cylinder 6c ex- 
erted on with the hydraulic pressure is bigger than that 
of the cylinder 7c Hence, it is possible to obtain a RPM 
ratio of more than or at least equal to one. The CVT 4 
is supplied with hydraulic fluid by using the following 
procedure: 

A hydraulic fluid pump 14, driven by a motor, pumps 
hydraulic fluid from a reservoir 15, through a Alter 60 
and a check valve 61, into a passage 62. The check 
valve 61 only allows hydrauUc fluid to flow in a single 
direction, from the Alter 60 and into the passage 62. A 
regulator valve 16 controls the pressure supplied to a 



10 



15 



the valve body. A compression coil spring 43 is located 
between the head portion 32fl of the valve spool 32 and 
an inner wall of the valve body. The spring 43 biases the 
valve spool 32 in a direction which tends to close the 
port 31. The puppet shaped valve member 36 controls 
the flow of hydraulic fluid at a port 39 which connects 
a passage 34 with an oil chamber 35. A plunger 38 is 
flxed to the member 36, and slides in a bore 38a A 
compression coil spring 40 is provided between the 
plunger 38 and an inner wall of the valve body. The 
spring 40 biases the valve member 36 in a manner which 
closes the port 39. A first solenoid 37 is positioned 
around the plunger 38 in the valve body 28 and func- 
tionally pulls the plunger 38 against the biasing force of 
the spring 40, whenever the solenoid 37 is actuated. 

An orifice 33 is provided in the passage 34, which 
communicates with the passage 18. A relief valve 44 is 
also provided in the passage 34 and comprises a check 
ball 44a and a spring 44b, which biases the baU 44a in a 



passage 18 by adjusting an amount of 20 ^^^-^^ ^^i^^ tends t^ close a port 44c When the 



the system, thereby generating a specific line pressure in 
the passage 18. The regulator valve 16 supplies the line 
pressure through the passage 18 to the hydraulic cylin- 
der 7c of the driven pulley 7 and to a flow control valve 
19. The flow control valve 19 is a three port connection 25 
valve, and includes an inlet port 20 communicated with 
the passage 18, a drain port 22 communicated with a 
drain passage 21 and an outlet port 23 conamunicated 
through a passage 63 with the hydraulic cylinder 6c of 
the driving pulley 6. When the flow control valve 19 is 30 
in a first position 19 A, the inlet port 20 communicates 
with the outlet port 23. When the flow control valve 19 
is in a second position, shown by 19B, there is no com- 
munication between the three ports 20, 22 and 23. Fi- 
nally, when the flow control valve 19 is in a third posi- 35 
tion 19C, the outlet port 23 communicates with the 
drain port 22 (these different communications among 
the various ports are more specifically shown in FIG. 
2). A check valve 26 is provided on the drain passage 
21. The check valve 26 only allows hydraulic fluid to 40 
flow in a single direction, from the flow control valve 
19 to the hydraulic fluid reservoir 15. 

A sensor 71 detects the rotating speed (RPMy,) of the 
driving pulley 6. A sensor 72 detects the rotating speed 
(RPMou/) of the driven pulley 7. A coolant temperature 45 
sensor 73 is mounted adjacent a cylinder block of the 
engine 1 and detects the temperature of the engine cool- 
ant. A throttle opening sensor 74 detects an amount of 
the throttle opening varied in proportion to the dis- 
placement of an accelerator pedal 75. A sensor 76, 
mounted near a passenger seat 77, detects the position of 
a shift lever of the transmission. The signals detected by 
the foregoing sensors are inputted to an electronic con- 
trol unit (hereinafter referred to as ECU) 70. The ECU 



pressure in the chamber 46 exceeds a predetermined 
value, the ball 44c is displaced against the force of the 
spring 44^. In this condition, the oil in the passage 34 
returns through the port 44c to the passage 18. 

The flow control valve 19 is provided in a position 
between the regulator valve 16 and the cylinder 6c of 
the driving pulley. The valve 19 comprises a valve 
spool 48, plungers 49 and 50, a second solenoid 55 and 
a third solenoid 56. The valve spool 48 controls the 
communication between the ports 20, 22 and 23. The 
plungers 49 and 50 are fixed to each end of the spool 48, 
respectively. A compression spring 51 biases the 
plunger 49 in a direction which tends to open the drain 
port 22. Another compression spring 52, is provided in 
a position opposite to that of the spring 51 and biases the 
plunger 50 in a direction which tends to close the drain 
port 22. Further, the second solenoid 55 is provided 
around the plunger 49 in the valve body 28. When the 
second solenoid 55 is actuated, the solenoid 55 pulls the 
plunger 49 by electromagnetic force against the biasing 
force of the spring 51. The third solenoid 56 is provided 
around the plunger 50 in the valve body 28: When the 
solenoid 56 is actuated, the solenoid 56 pulls the plunger 
50 by electromagnetic force against the biasing force of 
the spring 52. 

Once the engine is started and the system is placed in 
operation, the hydraulic fluid pump 14 pumps the fluid 
in the reservoir 15 through the filter 60 and the check 
50 valve 61 and into the passage 62. When the electric 
current inputted to the first solenoid 37 increases, the 
solenoid 37 pulls the plunger 38 against the biasing force 
of the spring 40. Consequently, the pointed end of the 
valve member 36 lifts up, and the opening area of the 



70 outputs a control signal to the regulator valve 16 and 55 port 39 increases. Because the chamber 35 is communi- 



the control valve 19. 

FIG. 2 shows a detailed construction of the regulator 
valve 16 and the flow control valve 19. In this embodi- 
ment, both valves 16 and 19 are provided in the same 
valve body 28. The regulator valve 16 comprises a 
valve spool 32, a puppet shaped valve member 36 and a 
relief valve 44. The valve spool 32 shdes in a bore 30, 
thereby opening or closing a port 31 defined between 
the passage 18 and the drain passage 21. The valve spool 



32 comprises a radially extending portion 45 and a head 65 decreases. 



cated by the anall hole 42 with the drain passage 21, the 
volume of the fluid dramed increases when the opening 
area of the port 39 increases. In this condition, tiie hy- 
drauUc pressure in the chamber 46 decreases. When the 
60 force biasing the valve spool 32 toward the closing of 
the port 31, becomes less than the force biasing the 
valve spool 32 in the opposite direction, then the valve 
spool 32 is displaced away from the port 31, thereby 
opening it up. Hence, the line pressure in the passage 18 



portion 32a. The head portion 32a has a small hole 42 
therein. A chamber 46 is provided and defined between 
the radially extending portion 45 and an inner waU of 



When electric current actuates both the second and 
third solenoids 55 and 56, the valve spool 48 of the flow 
control valve 19 is neutrally positioned, as shown in 
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FIG. 2, and corresponds to the second position 19B, as FIG. 5(c) illustrates a graph showing the relationship 

shown in FIG. 1. between a desired engine speed (RPM©/) in a transient 

In this condition, there is not any flow communica- shifting condition of the engine and a time "t" occurring 

tion between.thie ports 20, 22 and 33. during the acceleration stage. Fig. 5(*) illustrates a 

When only the second solenoid 55 is actuated by an 5 graph showing the relationship between the amount of 

electric current, the solenoid 55 puKs the plunger 49 throttle opening and a time "t" occurring during , the 

against the biasing force of the spring 51 Hence, the acceleration stage. The throttle opening (6) increases 

opening defined between the inlet.port 20 and the outlet from a value to a value 67 when the time equals rcro. 

port 23 is increased, which.results in an increase in the The ECU 70 compares the engine speed RPMo/i, which 
volume of hydraulic fluid supplied to the cylinder 6c of 10 corresponds to a throttle opening of ^1. with the engine 

the drivmg pulley 6, which causes an increase in the speed KPMoay which corresponds to a throttle openmg 

ratio between the dnving and driven pulleys. $2, If the results of the comparison are within the scope 

When only the third solenoid 56 is actuated by an defined by foUowmg equation; 
electric current, the solenoid 56 pulls the plunger 50 

against the biasing force of the spring 52. Hence, the 15 |RPMo,-RFMaf|gARPMa (i) 
opening defined between the drain port 22 and the out- 
let port 23 is increased , which results in an increase m where, ARPMa is a constant and the magnitude of the 
the volume of hydraulic fluid drained from the cylinder difference between RPMor and RPM^/ is compared to 
6c of the driving pulley 6, which causes, a decrease in ARPMa. Then the desired engine speed in a transient 
the transmission ratio between the driving and driven 20 acceleration shifting condition (RPMo/) varies as indi- 
puUeys. Gated by the solid line shown in FIG. S(a). TTiis inven- 

Thus, the RPM ratios between the driving and driven tion is further discussed below, 
pulleys are controlled by varying, the amount of hydrau- 
lic fluid supplied to or drained from the hydraulic cylin- 0^t<C| (a) 
der 6c of the driving pulley 6. 25 

The ECU 70 controls the regulator valve 16 and the When the time "t" is the value somewhere between 

flow control valve 19 in accordance with the signals t=0 and t<tu i-c, 0^t<ti, then the desired engine 

detected by the various sensors. FIG. 3 shows that the speed during the transient acceleration shifting condi- 

ECU 70 functions as a digital computer and comprises a tion (RPMo/) is maintained at a value of RPMori. For 

central processing unit (hereinafter referred to as CPU) 30 example, "ti" is a value somewhere between 0.2 sec- 

80 which carries out arithmetic and logic processing onds or 0.3 seconds. . 
functions^ an inter-face (hereinafter referred to as I/F) 

83, an analog-digital converter (hereinafter referred to '='1 0>) 
as A/D) 84, a random-access memory 81 (hereinafter 

referred to as RAM) 81 which temporarily stores the 35 described by t=ti, the desired 

calculated data of the CPU 80, a read-only memory engine speed during the transient acceleration shifting 

(hereinafter referred to as ROM) 82 which stores a condition (RPM<»/). changes until it is equal to an mter- 

predetermined control program and arithmetic con- mediate value (RPMors). The RPM0/3 is determined by 

slants therein and a digital-analog converter (hereinaf- ^® following equation: 
ter referred to as D/A) 85. An example of how the ECU 40 

70 ftmctions is given by the following manner: The I/F RPMoa=^RPMctx-^B{RPM^~RPM^i) 

83 receives an output signal fit>m the sensor 71 corrc- u ti t ^-.^^^ 

spending to the rotati^of the driving pulley 6 ^ t?"f*,f ^^^^^^ ^<^<^' 

(RPM,„), an output signal from the sensor 72 corre- foUowmg mquahty occurs: 

sponding to the rotation of the driven pulley 7 (RPMoa,) 45 rpm„„<RPM«3<rp\w 
and an output from the shift pcmtion sensor 76. The 

A/D 84 receives output signals from the coolant tem- ti<t<t2 (c) 
perature sensor 73 and the throttle opening sensor 74. 

The CPU 80, a microprocessor, then compares the When the time *¥' continues to run from ti to t2, the 

outputs recaved against any stored information and 50 desired engine speed during the transient acceleration 

issues an output to the D/A 85 which subsequently shifting conctition (RPMor) gradually approaches the 

outputs any appropriate instructions to the regulator value of RPMo^. 

valve 16 and the flow control valve 19. In this condition. 

The ROM memory means 82 works in conjunction 

with the CPU data processing means 80 in the following 33 RPMct^RPAfot+CiiRmos-RPM'ad+Ci (2) 
manner: The ROM 82 stores a data map which includes 

the desired engine speed in a transient shifting condi- where; RPM'©? corresponds to a previously calculated 
tion, as shown in FIG. 5, and data rdating to the RPMar* which is reinserted into equation (2) so that a 
amount of throttle opening. The CPU data processing progressive change in engine speed can be realized, 
means 80 compares the actual operating conditions to 60 Equation (2) results in a different engine speed approxi- 
the data stored in the ROM 82, and if appropriate, outr mately every 10 milliseconds; RPMojis the desired en- 
puts a signal which results in the regulator valve 16 and gine speed at steady state conditions when the throtde 
the flow control valve 19 being controlled. opening is defined by ^1; Ci and C2 are constants. Note 
FIG. 4 illustrates a graph showing the relationship that when the time "f* is equal to ti. RPMo/ increases to 
between the deared engine speed (RPMqj) in a steady 65 RPM0/3 and when the time "f* is equal to t2, RPMo, 
driving state and the amount of throttle opening increases to RPM0/2. 

The desired engine speed (RPMos) is selected so that the The ECU 70 determines whether the operator de- 
amount of fuel consumed is a minimum. . presses the accelerator pedal and therefore requires an 
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increase in the engine RPM during a time between t=0 

and t=ti. If the operator does not displace the accelera- RPMot-^iRPAfct-^CiiRPMa-RPAfotHCil. 
tor pedal 75 during the time between t=0 and t=ti, the 

ECU 70 does not increase the engine speed (RPM^) and The program then proceeds to step 99 which uses the 

stops any increase in the engine speed (RPMe). 5 following equation which questions the validity of the 

However, if the results of the comparison made by relationship: 
the ECU 70 are not within the scope of equation (1), but 

are within the scope of the following equation (3), then |RPM«-RPMo/| <arpMa (6) 
the desired engine speed in a transient shifting condition 

(RPMot) is increased in accordance with equation (4). 10 Where; RPM« is the desired engine speed in a steady 

state condition when the present throttle opening is 

|RPMo,-RPMcr| <ARPMa (3) equal to B; RPM is the desired engine speed resulting 

from the previous calculation; in step 98; and ARPM^is 

JiFMoi=JiPAr^+i>tiRPM„-JtPJircd:tih (4) a constant. If | RPMor-RPMof | is greater than or equal 

„„ ^r>^M, 15 to ARPM^, then the program returns to step 94. 

Where; RPM o/ corresponds to a previously calculated piG. 1(a) iUustrates a graph showing the rdationship 

RPM ou which IS reinserted mto equation (4) so that a between the desired engme speed during a transient 

progressive change m aigine speed can be realized. deceleration shifting condition (RPM^r) and a time 

Equauon (4) results m a differ^t engme speed approxi- piG. 7(*) illustrates a graph showing the relationship 

mately every 10 milliseconds; RPM« is the desired en- ^ between an amomit of throttle opening (6) and the time 

^e speed at steady Stole condiUoM when Uiepres^^^ "t". The throttle opening decreases from a value 

throttle opemng ts defined by Oi; Di and are con- ^ ^ ^^lue ^ with t=0. The ECU 70 compares the 

stante; and part of the right side of equation (4) is de- engine speed RPMori, which corresponds to the throttle 

fined by equation (5): ^p^g ^^^^^ ^ j^^^^ ^^^^ 

D^(RPM„-RFM^)±D2=(RPM„-RPM„Vioo (5) '^ponds to the throttle opening $2. If the results of the 

comparison are withm the scope defined by the same 
Di and Dz are determined so that the RPM^/ on the left equation (1). 

FIG."? ^£ S JnU^titi^T^e operation |RPM«-RPM«I SARFM. (i) 

ofthe program according to the present invention. Thh ^ then the desired engine speed during a transient deceler- 

program is an imerruption program which is performed ^^on shifting condition d^M^r) v^es as indicated by 

after a prescribed tmnng signd is i^ed. The ECU 70 line shown in FIG. 7^). This variation is fur- 

commences the operation when the vehicle's mam discussed below- 
power switch is turned on. The first step 90 determines 

whether |RPMaj— RPM^/j is greater than or equal to o^t<ti (a) 
ARPMfl. If I RPMar-RPMo4 is greater than or equal to 

ili^w^y^?^ im)ceeds to step 92. If when the time "t" is a value somewhere between 

|RPM«r-RPMc/| IS less than ARPH,, the program t==a and t=tu i.e.. 0^t<th then the desired engine 

proceeds to step 91. In step 91. the desired engine speed speed during the transient deceleration shifting condi- 

dunng a ttansient shifting condition (RPMo/) is calcu- ^ tion (RPMc;) is maintained at a value of RPMc^i- 
lated by the equation (4): 



/=/! (b) 



- ^ ^ ^, . ™ . >!< When the time "t" is described by t=ti, the desired 

If deprogram proceeded to step 92, a tuner -Tm'Ms^^ 45 ^ speed" during the transient deceleration shifting 

to be zera The tmier Tm coimts a clock pulsa The condition (RPMor) changes until it is equal to an inter- 

progr^ then proceeds to step 9X In step 93 the ECU ^^^^ ^^^^^y ^he RPM,,3 is determined by 

70 reads the values, ti. B, Ci and Ci. Step 94 then deter- following equation: 
mmes whether the timer "Tm" is less than t\ or not If 

the timer 'Tm" is less than ti. then the program pro- 50 RPMati^RPMat\^B{RPMot\^RPMoa:^ 
ceeds to step 95. In step 95, the desired engine speed 

RPMof is maintained when the time "t" is the valiie where, B equals a constant, 0<B<1. 

somewhere between t=0 and t=ti and the result is Hence, the following inequality occurs: 
inputted back into step 94. If the timer "Tm" is greater 

than or equal to ti, then the program proceeds to step ^5 RPM(tfi<RPMoi3<RPMor2 
96. If the timer *Tm" is greater than ti, the program 

proceeds to step 98. If the timer 'Tm" is equal to ti, the M <t<t2 (c) 
program proceeds to the step 97. In step 97, the desired 

engine speed RPM©/ is calculated by using the following When the time ''t" continues to run from ti to t2, the 

equation: 60 desired engine speed during the transient deceleration 

shifting condition (RPMo/) gradually approaches the 

RPMot^[RPAfo(-\-B{RPMos-RPM'odl value of RPMo/2. 

In this condition. 

The result of step 97 is inputted back into step 96. If Tm 

is greater than ti, the program proceeds to step 98 65 RPMot~RPAfot-E\{RP\fot-RPMo^~E2 (7) 
where the desired engine speed during a transient con- 
dition (RPMo/) is calculated by using the foUowing where RPM oi corresponds to a previously calculated 
equation: RPMor, which is reinserted into equation (7) so that a 
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progressive change in engine speed can be realized. 
Equation (7) results in a different engine speed approxi- 
matdy every 10 millisecond; RFMor is the desired en- 
gine speed at steady state conditions when the throttle 
opening is defined by ^i; and £i and E2 are constants. 

When the time "t" is equal to ti, KPMot is equal to 
KPMco^ When the time "t" is equal to ti, RPM©/ is 
approximately equal to RPM^q. 

In accordance with the aforementioned embodiment, 
the engine speed (RPMc) is utilized as a parameter of the 
program. When the transmission ratios between the 
driving pulley and the driven pulley are employed, the 
transmission ratio is defined by the following equations: 

where, ear is the desired transmission ratio in a steady 
. state condition; and, 

€fft = RPAfptif/RPAfffg 



10 



10 



15 



25 



20 

where, e^i is the desired transmission ratio in a transient 
shifting condition. 

The actual transmission ratio "e" is calculated by the 
ratio OlPMotrf/RPM/fl). 

While the present invention has been described in its 
preferred embodiments* it is to be understood that the 
invention is not limited thereto, and may be otherwise 
embodied within the scope of tiie following claims. 

What is claimed is: 

1. A method for controlling the RPM of an engine in 
: a motor vehicle using a continuously variable transmis- 
sion, the transmission having a driving pulley compris- 
ing a fixed member and a movable member, the mov- 
able member being actuated by a hydraulic cylinder to 35 
form a V-shaped opening between the movable member 
and the fixed member, a driven pulley with another 
fixed member and another movable member, the an- 
other movable member being similarly actuated by 



another hydrauhc cylinder to form a similar V-shaped 40 comprises: 



change occurs in the amount of throtde opening in 
. the throttle means. 

3. A method for controlling the RPM of an engine in 
a motor vehicle using a continuously variable transmis- 
sion, the transmission having a driving pulley compris- 
ing a fixed member and a movable member, the mov- 
able member being actuated by a hydraulic cylinder to 
form a V-shaped openmg between the movable member 
and the fixed member, a driven pulley with another 
fixed member and ianother movable member, the an- 
other movable member being similarly actuated by 
another hydraulic cylinder to form a similar V-shaped 
opening between the another movable member and the 
another fixed member, and a flexible belt member span- 
ning the pulleys so that the diameter of the pulleys can 
be varied with regard to each other so that different 
transmission ratios can be obtained, the method com- 
prismg the steps of: 

detecting a change in an amount of throttle opening 

in a throttle means on the engine 
determining a steady state RPM corresponding to the. 

amount of throttie opening; 
detecting an actual RPM of the engine at a point 
immediately after a change occurs in the amount of 
throttie opening in the throttie means; 
calculating the magnitude of the difference between 
the steady state RPM and the detected actual 
RPM. 

4. The method of claim 1, wherein the method further 
30 comprises: 

changing the actual RPM of the engine occurring 
imihediately after the change in amount of throttie 
opening to an intermediate RPM which is between 
the steady state RPM and the actual RPM, tiie 
change in RPM occurring after a predetermined 
lapse of time, whenever the magnitude of the dif- 
ference between the actual RPM and the steady 
state RPM exceeds a predetermined value. 

5. The method of claim 4, wherein the method further 



opening between the another movable member and the 
another fixed member^ and a flexible belt member span- 
ning the puUeys so that the diameter of the pulleys can 
be varied with regard to each other so that different 
transmitting ratios can be obtained, the method com- 45 
prising the steps of: 
detecting a change in an amount of throttie opening 

in a throttie means on the engine; 
detecting an actual RPM of the engine at a point 
immediately after a change occurs in the amount of 30 
throttie opening in the throttie means: 
selecting an intermediate engine RPM and changing 
the detected actual RPM to the selected intermedi- 
ate RPM when the continuously variable transmis- 
sion undergoes a transient shifting condition, the 55 
transient shtfting condition being generated by the 
change m the amount of throttie opening, the se- 
lected engine RPM being intermediate in value 
between an engine RPM which would occur under 



steady state conditions given the amount of throttie go comprises; 



gradually changing the value of the engine RPM to 
the steady state RPM after the actual, engine RPM 
has changed to the intermediate RPM. 

6. The method of claim 3, wherein the intermediate 
engine RPM changes linearly from the intermediate. 
RPM to tije steady state RPM. 

7. The method of claim 5, wherein the method further 
comprises: 

maintaining the actual engine RPM at a constant 
value for a predetennined amoimt of time, after a 
change occurs in the amount of throttie opening in 
a throttie means. 

8. The method of claim 2, wherein the method further 
comprises: 

maintaining the actual engine RPM at a constant 
value for a predetermined amount of time, after the 
change occurs in the amount of throttie opening in 
the throttie means. 

9. The method of claim 2, wherein the method further 



opening and the detected actual RPM; and 
gradually changing the selected intermediate engine 

RPM to the steady RPM corresponding to the 

amount of throttie opening. 
2. The method of claim 1, wherein the method further ^5 
comprises: 

maintaining the actual engine RPM at a constant 
value for a predetermined amount of time, after the 



changing the actual engine RPM to a previously 
calcttiated and objective engine speed when the 
magnitude of the difiference between the steady 
state RPM and the detected actual RPM does not 
exceed a predetermined value. 
10. A method for controlling an actual engine speed 
in a motor vehicle comprising a continuously variable 
transmission, the transmission having a driving pulley 
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comprising a fixed member and a movable member, the calculating a difference between said first desired 
movable member being actuated by a hydraulic cylin- engine speed and said second desir«J engine speed; 

der to form a V.-shaped opening between the movable comparing said difference between said first desired 
member and the fixed member, a driven pulley with ^^^^ ^ said second desired engine speed 

another fixed member and another movable member, ^ J"^^ ^ praletcrmined value; 

the another movable member being actuated by another ^^^J^^^^S ^ ^i?^'^ 
, , 1- J * r ^xT ^ J comparison, whereby when said difference is 

hydraulic cyhnder to form another V-shaped opemng g^^j^^ ^ predetenmned value, said actual 

between the another movable member and the another engine speed is adjusted to approach said second 

fixed member, a flexible belt member spanning the pul- lo desired engine speed gradually, and when said 
leys, and an electronic control means, the electronic difference is larger than said predetermined value, 

control means includes a memory means for storing a said actual engine speed is immediately adjusted to 

relationship between a plurality of desired engme a transient value and then is adjusted to approach 

speeds and throttle openings, said electronic control said second desired engine speed gradually, 

means for controlling pressure in the hydraulic cylin- ^® method of claim 10, wherein the second de- 

ders according to an opthnal desired engine speed of the ^""^ ^8^^^ speed is substantially similar to the first 

engine, the method comprising the steps of: desired engine speed, when said difference is smaller 

detecting first and second amounts ofa throttle open- ^^n said predetermined val^^^ 

.f 4- . ^, . J 12. The method of claim 11, wherem said transient 

ing. fte first amount of the throttle opemng de- ^ 

tectcd bemg an mitial amount before a change m ^mzW^ than said second desired engine spe^. 
the throttle opemng, the second amount of the 13. The method of claim 12, wherem said transient 

throttle opening being an amount after the change value equals approximately one-third of the difference 

in the throttle opening; between the first desired engine speed and the second 

determining a first desired engine speed for steady 25 desired engine speed plus the value of the first desired 

state conditions before said change in the throttle enguie speed. 

opening and determining a second desired engine method of claim 13, wherein said adjustment 

speed for steady state conditions after said change ^ delayed for a predetermined period of thne after said 

in the throttie opening, said first desired engine ""^^^^ said throttle opening 

speed being determined from said detected first , IS. The method of djum 13, wherem s^ 

„1 ^ 41 ^ • • J iro™ actual engme speed to said second desired engine 

amount of said throttle opening m accordance w^^^ from said tran^t value is linear. 

said relationship stored m said memory means, said xhe method of claim 13. further comprising the 

second desired engine speed being determined step of maintaining the actual engine speed at the first 

from the detected second amount of said throttle 35 desired engine speed for a predetermined period of time 

opening in accordance with said relationship stored after the change in the throttle opening. 

in said memory means; « » ♦ » « 
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To minimize the amount of engine power consumed by a 
hydraulic fluid pump , the 

hydraulic pressure in the cylinder 7c is controlled to be 
as small as possible 

while maintaining a torque necessary to keep the belt from 
slipping while 

rotating around' the driving pulley 6 and the driven pulley 
7. The hydraulic 

pressure of the cylinder 6c is varied to adjust the ratio. 
The amount of 

pressure in the hydraulic cylinder 6c is designed to be 
smaller than that of 

the hydraulic pressure in the hydraulic cylinder 7c. 
However, even though the 

value of the hydraulic pressure supplied to the hydraulic 
cylinder 6c is less 

than the value of the hydraulic pressure supplied to the 
hydraulic cylinder 7c, 

the system is designed so that a greater overall hydraulic 
pressure is realized 

in the hydraulic cylinder 6c than in the hydraulic cylinder 
7c because the area 

of the cylinder 6c exerted on with the hydraulic pressure 
is bigger than that 

of the cylinder 7c. Hence, it is possible to obtain a RPM 
ratio of more than 

or at least equal to one. The CVT 4 is supplied with 
hydraulic fluid by using 
the following procedure: 

A hydraulic fluid pump 14, driven by a motor, pumps 
hydraulic fluid from a 

reservoir 15, through a filter 60 and a check valve 61, 
into a passage 62. The 
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check valve 61 only allows hydraulic fluid to flow in a 
single direction, from 

the filter 60 and into the passage 62. A regulator valve 
16 controls the 

pressure supplied to a passage 18 by adjusting an amount of 
fluid drained from 

the system, thereby generating a specific line pressure in 
the passage 18. The 

regulator valve 16 supplies the line pressure through the 
passage 18 to the 

hydraulic cylinder 7c of the driven pulley 7 and to a flow 
control valve 19 . 

The flow control valve 19 is a three port connection valve, 
and includes an 

inlet port 20 communicated with the passage 18, a drain 
port 22 communicated 

with a drain passage 21 and an outlet port 23 communicated 
through a passage 63 

with the hydraulic cylinder 6c of the driving pulley 6. 
When the flow control 

valve 19 is in a first position 19A, the inlet port 20 
communicates with the 

outlet port 23. When the flow control valve 19 is in a 
second position, shown 

by 19B, there is no communication between the three ports 
20, 22 and 23. 

Finally, when the flow control valve 19 is in a third 
position 19C, the outlet 

port 23 communicates with the drain port 22 (these 
different communications 

among the various ports are more specifically shown in FIG. 
2) . A check valve 

26 is provided on the drain passage 21. The check valve 26 
only allows 

hydraulic fluid to flow in a single direction, from the 

flow control valve 19 

to the hydraulic fluid reservoir 15. 

A sensor 71 detects the rotating speed (RPM.sub.in) of the 
driving pulley 6. A 

sensor 72 detects the rotating speed (RPM. sub . out ) of the 
driven pulley 7. A 

coolant temperature sensor 73 is mounted adjacent a 
cylinder block of the 

engine 1 and detects the temperature of the engine coolant. 

A throttle opening 
sensor 74 detects an amount of the throttle opening varied 
in proportion to the 
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displacement of an accelerator pedal 75. A sensor 76, 
mounted near a passenger 

seat 77, detects the position of a shift lever of the 
transmission. The 

signals detected by the foregoing sensors are inputted to 
an electronic control 

unit (hereinafter referred to as ECU) 70. The ECU 70 
outputs a control signal 

to the regulator valve 16 and the control valve 19. 

FIG. 2 shows a detailed construction of the regulator valve 
16 and the flow 

control valve 19. In this embodiment, both valves 16 and 
19 are provided in 

the same valve body 28. The regulator valve 16 comprises a 
valve spool 32, a 

puppet shaped valve member 36 and a relief valve 44. The 
valve spool 32 slides 

in a bore 30, thereby opening or closing a port 31 defined 
between the passage 

18 and the drain passage 21. The valve spool 32 comprises 
a radially extending 

portion 45 and a head portion 32a. The head portion 32a 
has a small hole 42 

therein. A chamber 4 6 is provided and defined between the 
radially extending 

portion 45 and an inner wall of the valve body. A 
compression coil spring 43 

is located between the head portion 32a of the valve spool 
32 and an inner wall 

of the valve body. The spring 43 biases the valve spool 32 
in a direction 

which tends to close the port 31. The puppet shaped valve 
member 36 controls 

the flow of hydraulic fluid at a port 39 which connects a 
passage 34 with an 

oil chamber 35. A plunger 38 is fixed to the member 36, 
and slides in a bore 

38a. A compression coil spring 40 is provided between the 
plunger 38 and an 

inner wall of the valve body. The spring 40 biases the 
valve member 3 6 in a 

manner which closes the port 39. A first solenoid 37 is 
positioned around the 

plunger 38 in the valve body 28 and functionally pulls the 
plunger 38 against 

the biasing force of the spring 40, whenever the solenoid 
37 is actuated. 
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An orifice 33 is provided in the passage 34, which 
communicates with the 

passage 18. A relief valve 44 is also provided in the 
passage 34 and comprises 

a check ball 44a and a spring 44b, which biases the ball 
44a in a direction 

which tends to close a port 44c. When the pressure in the 
chamber 4 6 exceeds a 

predetermined value, the ball 44a is displaced against the 
force of the spring 

44b. In this condition, the oil in the passage 34 returns 
through the port 4 4c 
to the passage 18. 

The flow control valve 19 is provided in a position between 
the regulator valve 

16 and the cylinder 6c of the driving pulley. The valve 19 
comprises a valve 

spool 48, plungers 49 and 50, a second solenoid 55 and a 
third solenoid 56. 

The valve spool 48 controls the communication between the 
ports 20, 22 and 23. 

The plungers 49 and 50 are fixed to each end of the spool 
48, respectively. A 

compression spring 51 biases the plunger 49 in a direction 
which tends to open 

the drain port 22. Another compression spring 52, is 
provided in a position 

opposite to that of the spring 51 and biases the plunger 50 
in a direction 

which tends to close the drain port 22. Further, the 
second solenoid 55 is 

provided around the plunger 4 9 in the valve body 28. When 
the second solenoid 

55 is actuated, the solenoid 55 pulls the plunger 49 by 
electromagnetic force 

against the biasing force of the spring 51. The third 
solenoid 56 is provided 

around the plunger 50 in the valve body 28. When the 
solenoid 56 is actuated, 

the solenoid 56 pulls the plunger 50 by electromagnetic 

force against the 

biasing force of the spring 52. 

Once the engine is started and the system is placed in 
operation, the hydraulic 
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fluid pump 14 pumps the fluid in the reservoir 15 through 
the filter 60 and the 

check valve 61 and into the passage 62. When the electric 
current inputted to 

the first solenoid 37 increases, the solenoid 37 pulls the 
plunger 38 against 

the biasing force of the spring 40. Consequently, the 
pointed end of the valve 

member 36 lifts up, and the opening area of the port 39 
increases. Because the 

chamber 35 is communicated by the small hole 42 with the 
drain passage 21, the 

volume of the fluid drained increases when the opening area 
of the port 39 

increases. In this condition, the hydraulic pressure in 
the chamber 4 6 

decreases. When the force biasing the valve spool 32 
toward the closing of the 

port 31, becomes less than the force biasing the valve 
spool 32 in the opposite 

direction, then the valve spool 32 is displaced away from 
the port 31, thereby 

opening it up. Hence, the line pressure in the passage 18 
decreases . 

When electric current actuates both the second and third 
solenoids 55 and 56, 

the valve spool 48 of the flow control valve 19 is 
neutrally positioned, as 

shown in FIG. 2, and corresponds to the second position 

19B, as shown in FIG. 

1. 

When only the second solenoid 55 is actuated by an electric 
current, the 

solenoid 55 pulls the plunger 49 against the biasing force 
of the spring 51. 

Hence, the opening defined between the inlet port 20 and 
the outlet port 23 is 

increased, which results in an increase in the volume of 
hydraulic fluid 

supplied to the cylinder 6c of the driving pulley 6, which 
causes an increase 

in the ratio between the driving and driven pulleys. 

When only the third solenoid 56 is actuated by an electric 
current, the 

solenoid 56 pulls the plunger 50 against the biasing force 
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of the spring 52. 

Hence, the opening defined between the drain port 22 and 
the outlet port 23 is 

increased, which results in an increase in the volume of 
hydraulic fluid 

drained from the cylinder 6c of the driving pulley 6, which 
causes a decrease 

in the transmission ratio between the driving and driven 
pulleys . 

The ECU 70 controls the regulator valve 16 and the flow 
control valve 19 in 

accordance with the signals detected by the various 
sensors. FIG. 3 shows that 

the ECU 70 functions as a digital computer and comprises a 
central processing 

unit (hereinafter referred to as CPU) 80 which carries out 
arithmetic and logic 

processing functions, an inter-face (hereinafter referred 
to as I/F) 83, an 

analog-digital converter (hereinafter referred to as A/D) 
84, a random-access 

memory 81 (hereinafter referred to as RAM) 81 which 
temporarily stores the 

calculated data of the CPU 80, a read-only memory 
(hereinafter referred to as 

ROM) 82 which stores a predetermined control program and 
arithmetic constants 

therein and a digital-analog converter (hereinafter 
referred to as D/A) 85. An 

example of how the ECU 70 functions is given by the 
following manner: The I/F 

83 receives an output signal from the sensor 71 
corresponding to the rotation 

of the driving pulley 6 (RPM. sub . in) , an output signal from 
the sensor 72 

corresponding to the rotation of the driven pulley 7 
(RPM. sub. out) and an 

output from the shift position sensor 76. The A/D 84 
receives output signals 

from the coolant temperature sensor 73 and the throttle 
opening sensor 74. The 

CPU 80, a microprocessor, then compares the outputs 
received against any stored 

information and issues an output to the D/A 8 5 which 
subsequently outputs any 

appropriate instructions to the regulator valve 16 and the 
flow control valve 
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The ROM memory means 82 works in conjunction with the CPU 
data processing means 

80 in the following manner: The ROM 82 stores a data map 
which includes the 

desired engine speed in a transient shifting condition, as 
shown in FIG. 5, and 

data relating to the amount of throttle opening. The CPU 
data processing means 

80 compares the actual operating conditions to the data 
stored in the ROM 82, 

and if appropriate, outputs a signal which results in the 
regulator valve 16 

and the flow control valve 19 being controlled. 



09/22/2002, EAST Version: 1.03.0002 



